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Under irrigation, weeds continue to grow during the growing season of the vine. Conventional clean cultivation of vineyards can control weeds effectively, but can lead to the deterioration of soil structure on certain soils and, therefore, to a low water infiltration rate (Van Huyssteen & Weber, 1980a; 1980b) . A cover of dead plant material on the soil surface as well as a permanent cover crop are effective in maintaining soil structure and improving water infiltration (Christensen & Lynn, 1969; Black, 1973; Koshi & Fryrear, 1973; Van Doren & Triplett, 1973; Meyer & Cuinier, 1977) . However, opinions differ about the effect of a permanent cover crop on vine performance. Some workers found no effect of permanent cover crops on grape yield and quality (Meyer & Cuinier, 1977; Schroder, Zakosek & Boll, 1978) . However, on poor soils and in regions with insufficient rainfall, only a temporary cover crop is recommended by Meyer & Cuinier (1977) . With temporary as well as permanent cover crops, deep rooted vines and the addition of sufficient organic matter are prerequisites to overcome the competition of the cover and that it should be repeated only after two to three years. Oprea, Severin & Taloi (1967) concluded that only part of the root system should be cut in order to ensure an adequate supply of nutrients and water to the vines during regrowth. Melkonjan, Mkrtcjan & Davtjan (1968) reported that deep cultivation in every second interrow increased yield by 16, 7 per cent, while deep cultivation in every interrow increased yield with 34,9 per cent on a soil with a definite compacted layer. Deep cultivation also improved plant vigour. Litvinov & Beskrovnyi (1979) found improved productivity on plots deeply cultivated in autumn. On the other hand, Ryabchun (1974) found a gradual decrease in regrowth of roots after repeated deep cultivations.
The aim of this study was to assess the effect of a permanent cover crop and severe root pruning on vine performance under conditions of intensive irrigation.
MATERIALS AND METHODS
crops. Altweg & Koblet (1976) found that because of
The trial was done in an existing 13 year old, competition for nutrients, shoot growth of vines under a ungrafted Vitis vinifera L var. Colombar vineyard, cover crop was 25 per cent less than that of vines in a spaced 3,0 x 1,8 m and trained on a 1 m Y-trellis as weed free vineyard. Byrne & Howell (1978) also found described by Zeeman (1981) , on the V 0 RI experimenthat a weed cover affected the nutritional status of vines tal farm near Lutzville, Olifantsrivier valley. This area and resulted in smaller vines and a very large reduction falls in Region V (Winkler et al., 1974) , has a mean in yield.
annual rainfall of c. 150 mm of which only 40 mm falls The effect of root pruning by means of deep cultiduring the growing season, resulting in an irrigation revation was tested in some countries with divergent quirement of c. 675 mm for this period (Van Zyl, 1981) . results. Kaiser (1966) found intensive regrowth of roots
The soil is deep, red, calcareous (Hutton: Maitengwe, after pruning but showed that the roots should not be according to MacVicar & Soil Survey Staff, 1977) , cut closer than 40-50 cm from the vine. However, representative of the so-called 'Karoo soils' of this area. despite an intensive regrowth of roots, no improvement Although the soil was not deep ploughed before plantof shoot growth was noted.
ing, inspection of profile pits showed no obviously comLitvinov (1967) recommended that deep cultivation pacted layer to a depth of 90 cm. The analyses data for should not be done in vineyards younger than six years the soil concerned are shown in Table 1 . Tl: Permanent cover crop: Two sub-terranean, winter growing clover (Medicago trancatula) varieties viz. Cyprus and J emalong, were sown as a 1 : 1 mixture during early autumn. However, Bromus wildenowii grass invaded the plots, and from 1975 there was hardly any clover left. This natural grass was then kept as a cover crop for the duration of the trial and was cut with a bush cutter each time a regrowth height of c. 20 cm was reached, amounting to 7-10 cuttings during the growing season.
T2: Permanent cover crop plus deep cultivation: Same as Tl except that during early autumn, deep cultivation was done on the moist soil with a two-tined ripper in every second interrow, 60 cm from the vines to a depth of 30 cm. In the following season each tine was moved 30 cm towards the middle of the implement in order to cut the roots in the same interrow 90 cm from the vines. This procedure was repeated each year so that after four years the whole interrow soil volume was treated in this manner. Each year the implement was also set progressively deeper to reach a maximum depth of about 60 cm in the middle of the row after four years. At the same time the interrow space was loosened and the roots were cut in exactly the reverse order in the adjacent interrows. After four years the whole procedure was repeated but the order of the rip treatments for the interrows was reversed. T3: Clean cultivation: A shallow 20-30 cm deep trench furrow was ploughed each winter in alternate rows, and prunings were ploughed under in these furrows. Natural weeds were allowed to grow during winter and were disced into the soil just before budding. During the growing season the soil was cultivated with a tiller after each irrigation and whenever it was necessary to control weedsa total of 7 to I 0 cultivations per season.
Pruning mass and crop yield were measured each year and total soluble solids and total acidity were determined in the must. Roots exposed in the walls of profile pits dug perpendicularly to vine rows were mapped during 1972 and 1978. Leaf blades opposite bunch positions were collected during four seasons at berry set stage and analysed for nitrogen, phosphorous and potassium, using standard V 0 RI procedures.
The bulk density of the soil was determined at different depths before commencement of the trial by means of cylinders and drop hammer and again during 1978, using a neutron/gamma moisture/density probe. Water infiltration rate was measured in 2 x 2 m earthern wall dams between vine rows by filling them rapidly to a depth of 200 mm.
The effect of different cultivation practices on shoot mass is depicted in Fig. I . Although the shoot mass was initially similar for all treatments, a definite and consistent pattern evolved since the 1973/74 season, three years after the commencement of the trial. The clean cultivation treatment (T3) did not induce a significantly more vigorous shoot growth than the permanent cover crop treatment (Tl), but had a significantly better effect than the permanent cover crop plus deep cultivation treatment (T2), the latter probably because of the increased negative effect of root pruning. During the last two seasons, vines on the clean cultivation plots also had a significantly higher shoot mass than vines on the permanent cover crop plots (Tl). Shoot mass declined steadily during the last five seasons for all treatments. The reason for this decline may possibly be ascribed to the fact that the vines were ungrafted and, therefore, affected by phylloxera and nematodes.
Yield differences between treatments followed a similar pattern to that of shoot mass (Fig. 2) . Although differences in yield between treatments were not statistically significant, except during the 1978/79 season, the tendency towards a better performance of the vines on clean cultivated plots was consistent and a yield of 7 ,9 kg/vine ( = 14,3 t/ha) higher than the other treatments during 1980/81, was obtained. The lack of significant differences in yield can be ascribed to a large variation No significant effects of treatment on total titratable acidity and total soluble solids of the must were found (Table 2) . However, there were indications that must from clean cultivated plots had a higher TSS at harvest than those from the other treatments. 
Effect of a permanent cover crop and root pruning on Colombar
The nitrogen, phosphorus and potassium contents of leaf blades from the various treatment plots are shown in Table 3 . Clean cultivation tended to induce higher nitrogen (N) concentrations in leaves than the cover crop (Tl) and cover crop plus deep cultivation (T2) treatments. These differences in N concentrations were found to be significant in the instances where statistical analyses could be done. According to Conradie (1981) , the N-content of leaf blades from Chenin blanc/99R grown in sand culture was 2,9 per cent, while the norm for table grapes is 1,6 -2,4 per cent (Beyers, 1962) . From these values and those in Table 3 it appears, therefore, that the trial vineyard was generally undernourished as far as N was concerned, in spite of a total of 135 kg N/ha applied per season, which may be regarded as more than sufficient for high producing vineyards (Champagnol, 1978; Christensen, Kasimatis & Jensen, 1978; Marcelin, 1979) . The general low N concentration in leaves was probably due to the use of urea as main N source on this alkaline soil and to the flood irrigation practice, resulting in volatilisation and/or leaching losses of N. However, the consistently higher N content of leaves from clean cultivated vines as well as their better performance (Fig. 1 ) could still partly be ascribed to better N nutrition (the N concentration in leaf blades being 20 per cent and 13 per cent higher than those in leaves from T2 and Tl plots respectively), and undoubtedly also to a better water supply in the absence of weed competition, as was found by Altweg & Koblet (1976) , Byrne & Howell (1978) and Van Huyssteen & Weber (1980c) .
on N nutrition that cover crops, but there were indications that root pruning was too severe and seems to have increased the negative competition effect of a permanent cover crop (Tl treatment). Root pruning by means of deep cultivation in each interrow (T2 treatment) had a much less marked effect a -Samples were pooled, consequently no statistical analyses were possible * -Significant (P~ 0,05) NS-Not significant ..., Cumulative water infiltration on differently cultivated plots. Effect of a permanent cover crop and root pruning on Colombar 
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Effect of a permanent cover crop and root pruning on Colombar Water infiltration rates (Fig. 3) , indicate that a per- BLACK, A. L., 1973 . Crop residue, soil water and soil fertility related manent cover crop as well as a permanent cover crop to spring wheat production and quality after fallow. Soil Sci.
plus deep cultivation had a beneficial effect on soil Eno!. Vitic. 29, [192] [193] [194] [195] [196] [197] [198] ding periods were 18,5 min and 35,7 min for Tl and T3 CHAMPAGNOL, F., 1978 
CONCLUSIONS
The differences found in vine performance must be ascribed mainly to the effect of weed competition for especially nitrogen and presumably also for moisture. It is clear that even with irrigation and in a soil allowing deep vine root penetration, weeds cannot be allowed to grow actively in vineyards during the growing season, especially when N supply is inadequate.
Combined with an active cover crop, intensive root pruning apparently had an increased negative effect on vine performance. Although deep cultivation and a cover crop improved soil physical conditions as judged by water infiltration, the expected positive effect of this on vine performance was completely overshadowed by the negative effects of severe root pruning and weed competition.
Further studies are clearly necessary to determine the optimum stage and intensity of root pruning in order to find the correct balance between the benefits of improved soil physical conditions in soils with a compaction hazard, and the possible negative effect that severe root pruning, because of a drastic soil disturbance, may have on vine performance.
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